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Abstract: A novel conotoxin (conopeptide)was biochemically characterizedrom the
crudevenomof the molluscivorousmarine snail Conusbandanus(Hwassin Bruguiée,
1792) collectedin the south-centralcoastof Vietham.The peptidewasidentified by screening
bromotryptophanfrom chromatographicfractions of the crude venom Tandem mass
spectrometrytechnique were used to detect and localize different posttranslational
modifications(PTMs) presentin the BnllID conopeptideThe sequenceavasconfirmedby
E d ma adedradatiorand massspectrometryevealingthatthe purified BnllID conopeptie
had15 aminoacidresidueswith six cysteinesat positionsl, 2, 7,11, 13,and14, andthree
PTMs bromotryptophanp-carboxy glutamate and amidatedasparticacid, at positions
4o, i 5 andi 1 Sr@spectivelyThe BnllID peptidewassynthesizedor comparisorwith
the native peptide. Homology comparisonwith conopeptideshaving the Il -cysteine
framework (i CCxX2XsX4CxixoX3sCxiCCi ) revealedthat BnllID belongsto the M-1 family
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of conotoxins.This is the first report of a memberof the M-superfamily containing
bromotryptophamasPTM.

Keywords: Conus bandanus cone snail venom; mass spectrometry BnllID;
bromotryptophany-carboxyglutamateposttranslationamodifications

1. Introduction

The peptidesrom the venomof conesnails(conotoxinsor conopeptidesconstitutea rich sourceof
useful pharmacologicatools and peptideprobesfor ion channelstransportersand neurotransmitter
receptors with a high degree of diversity, specifiatyd potencyli 3]. EachConusspecies is estimated
to havea large numberof speciesspecific conotoxinscomprisingcysteinepoor/rich-peptides4i 6].
Most maturepeptidesrangebetween8 and 40 amino acid residueswith variouscysteineframework,
andinter-cyteinevariationsin the numberandkind of aminoacids.Moreover,they havea high degree
of posttranslationalmodificatiors (PTMs) [7], wherebythe modificationsserveto createefficiently
new conotoxin structuresand pharmacologicalproperties[4]. In addition to extensivedisulphide
linkages,which are a commonfeatureof conotoxins,commonPTMs include C-terminal amidation,
prol i ne hy-achrbaxylagioh af glutaonit acighyroglutamic acid,yrosine sulfationtryptophan
bromination and glycosylations[8i 11]. Thus,thereis an importantrole to entirely characterizehe
complemenbf maturepeptidesrom conesnails.

In the searchof new conopeptide$rom the venomof Conusbandanuscollectedfrom the coastof
Vietnam,we havefound an unusualpeptidecontainingbromine.We usedtandemmassspectrometry
to characterizeéhe primary peptidesequencendlocalizethe positionsof tryptophanbromination,and
o-carboxylationof glutamicacid The amidationof asparticacid of the C-terminuswas confirmedby
the combinationof theoreticalmasscalculation,Edmandegradationand homology comparisonWe
comparedalso the peptidesequencesimilarity of BnllID to that of other conopeptidesrom Conus
marmoreusconsidered closerelativeinterspeciesvith the molluscivorousConusbandanug12,13.
In addition,the BnllID peptidewas synthesizedor comparisorwith the native peptide.This is the
first reportof an M-superfamilyconopeptideontaininga bromotryptophan

2. Resultsand Discussion
2.1. VenomFractionationand Purification

C. bandanus dissected crude venom was fractionated, -feadtionated and purified by
reverseephasechromatographyn Vydac semipreparativeand analytical columns(Figure 1). Each
HPLC fraction containing conopeptides(Figure 1A) was analyzed by Matrix-Assisted Laser
Desorption/lonization Tim®©f-Flight (MALDI -TOF) massspectrometryThe fraction 3.2 highlighted
in black (Figure 1B) shows several different moleculeswith major intensity (Figure S1 in the
Supplementy Information) containing an unusual monoisotopic ion. Figure 1C,D show further
purificatiors from the previousfraction 3.2. An asterisktagsthe subfractionthat exhibitedan unusual
isotopic distribution for a peptide. This fraction was purified to near homogeneityon the same
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reverseephaseanalyticalcolumn by optimizing the elution gradientslope,hence avoidingthe useof
atwo dimensionathromatographyFigure1D) andwasnamedBnllID.

Figure 1. HPLC purificaion profile of dissectedC. bandanusrenom,extract,and BnllID

purification. (A) Fractionationwas carriedout with a Vydac semipreparativeC;g column
(300 A, 5 pm, 10 mm i.dx 250 mm) and eluted at 3 mL mifwith gradient @i 56% of
B buffer/50 min (B) Fractionation from zone 3 with &ydac analytical @ column
(300 A, 5pm, 4.6 mmi.d. x 250 mm) andelutedat 1 mL min'* with gradient(0%i 0.5%
B/5 min, 0.5%i 15% B/1 min and 15%i 40% of B/40 min); (C) Further purification of
fraction 3.2 from the previous step was further purified with gradient (10%i 15%
B/7.5 min, 15%i 20% B/42.5 min and 20%i 35% B/45 min); (D) The asteriskindicates
BnllID. Thepurity of BnllID peakwascheckedoy MALDI -TORMS.
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2.2. Determinationof the Numberof DisulphideBonds
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Analysis of the native Bnlliby MALDI-TOF/TOF MS showed two singleharged ion distributions
(Figure 2A), which yielded two monoisotopicion signalsat m/z 1819.129and m/z 1863.159.The
BnllID isotopic distributions indicated the possible presenceof one bromine atom [14,15. The
abundanceof thesepeaksfidoubled at m/z (1819.129;1821.21)and m/z (1863.159;1865.159)is
typical of amoleculecontainingthe equallyabundanbromineisotope50.69%°Br and49.31%'Br,
respectively).Following reductionwith TCEP, BnllID signalswere shifted by 6 u indicating the

presencef threedisulfide bonds(Figure2B).

Figure 2. Identification of brominationusingisotopic distributionsof native BnllID (A);
and reducedBnllID form (B); from off-line LC/MALDI-TOF MS. A shift of 6 u is

observedtharacterizinghe reductionof threeS-S bonds.
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2.3. Presenceof GammaCarboxylateGlutamateResidue

To elucidatethe two different major massesof the pure fraction, we reducedand alkylated the
cysteinesto avoid disulfide reformation and to improve fragmentationyield during ESFMSMS
measurementg-igure 3). The CID fragmentatiorof the major compoundn the fraction,2214.55Da,
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producethe decarboxylatedragment In orderto elucidatethe sequencethe decarboxylatedragment
wassubmittedto MS® CID fragmentationFigure3C illustratethe b andy seriesobtained confirming

againthe presenceof a bromotryptophanThus we could predictBnllID having one o-carboxylated
glutamateresidueanda bromotryptophan

Figure 3. Analysis of reduced and alkylated BnllID by high resolution MS and MSMS
mass spectrometryAj Deconvoluted spectrum of the fraction shown in Figure 1D after
reduction and alkylation with 1AA;R) Deconvoluted spectrum of the CID fragmentation
of the 221455 Da ion; C) MS® product (2168.55 Da) corresponding to the decarboxylation
of the precursor ion. Note: 1Ccarbamidomethytysteine; alkylated cystein by IAA,
W: bromotryptophan.
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2.4. PeptideSequencing

To determinethe amino acid sequenceof BnllID, we also employedthe CID fragmentation
techniqueusinga MALDI TOF/TOF massspectrometethat generatedoredominantlyb and y-type
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product ions. Figure 4 shows two CID mass spectra of IAA-labeled BnllID, with and
without-carboxylation.Moreover,the productions that containeda bromotryptopharresidueshowed
unusual isotope patterns. The MS/MS spectrum of the parention at m/z 2167.245, without
carboxylation(Figure 4A), showedcompleteseriesof b andy-type ions from position 1 to 15. We
clearly observed shift correspondingo the bromotryptophamesidue(+260/262u) betweernb; andb,
ionsor y11 andy;; ions. The glutamicacidresidueis alsoidentified after the bromotryptophamesidue
usingthe bs/bs andyio/y11 ions. Furthermorethe m/zincrementof 160 u between(bi/by; be/bz; bio/bas;
b12/b13; b13/b14) ions confirmedthe presenceof an IAA -modified cysteine.Therefore the massof an
IAA -modified cysteineat first positionis inferredfrom m/z161 b, ion andt correspondingn/z2007
Y14 i0n. Thus, BnllID linear sequenceexhibits a cysteineframeworklll, with the following pattern
CCi Ci Ci CC. Therearelimits in distinguishingleucine/isoleucineesidue(mass113 Da) at position
100, and amidatedasparticacid/asparagineesidue(massof 114 Da) at the C-terminus(C-terminal
amidationis a common PTM due to 1 Da reductionin mass). Therefore,the initial sequence
assignmenof m/z2167.245arention wasCCDWENCDH(L/I)CSCC(D*/N),asshownin Figure4A.

Figure 4. CID MS/MS spectrunof TCERreducedandlAA -labeledBnllID, recordedwith

the MALDI-TOF/TOF 4800 mass spectrometer.MS/MS fragmentation of BnllID

without (A), andwith carboxylationof E (B). Insetsshowthe sequencederivedfrom these
MS/MS spectra.Note: C;: carbamidomethytysteine; alkylated cystein by IAA; W:

bromotryptophank: o-carboxylicglutamicacid *: C-terminalamidation
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Figure4B showsthe spectrunof the parention atm/z2211.198with predictedcarboxylationHere
we focusedon the identification of the o-carboxylic glutamic acid residue.The m/z2211.198 CID
MS/MS spectrumss not so informativethanthe m/z2167.245spectrumdueto the preferentialloss of
the carboxylic group of the o-carboxylic glutamic acid residue during the fragmenting process.
Though,we determineda 2-carboxyglutamate(E) accordingto the differenceof 173 u at the same
position 50, i.e., betweeny;o and y;; ions (Figure 5). We also found a perfect agreementwith
ES-FMS/MS data using the series of y-type ions. Thus, the initial BnllID sequenceis
CCDWENCDH(L/I)CSCC(D*/N) with two confirmed PTMs bromotryptophanW) and 2-carboxy
glutamate(E). Nair et al. haveusedthe Fouriertransformion cyclotronresonancéMS/MS technique
of electroncapturedissociationjnfrared multiphotondissociationand CID to detect,andlocalizethe
bromotryptophanof a conopeptide namedMo 1274 from Conusmonile venom [16]. There was
difficulty in the initial sequencessignmenbf CID massspectrumof the Mo 1274 peptide In our
case,the MALDI -TOF CID MS/MS was usedto characterizesimply the initial sequenceand also
positionsof bromotryptophamnda-carboxyglutamate.

Figure 5. A zoom of CID MS/MS massspectrumprofile of 1AA-labeledBnllID with
carboxylationof E (Figure 4B). Insetsshow the sequenceslerived from theseMS/MS
spectra. Note: € carbamidomethytysteine; alkylated cystein by IAAYV: bromotryptophan;
E: o-carboxylicglutamicacid *: C-terminalamidation.
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To confirm the completeaminoacid sequencef BnllID, this native conopeptidevassubmittedto
E d ma dedradationFigure6 presentghereleaseof BnllID PTH-aminoacidresiduedor eachcycle.
BnllID sequencdastotally 15 aminoacidresidueswith six cysteinesat positionsiil; 2; 7; 11;13; 140
which supportswell the CID MS/MS obtaineddata.Additionally, thereareno amountsof PTH-amino
acid residuesat cycle i 4 and fi 5 @nd it explains clearly that PTH-amino acid residue of
bromotryptophanand a-carboxy glutamateare not noted in E d ma degyradationprofile of the
standardorogram.At positionfi 1 Ow@ canconfirm the leucineresiduehavinganamountof 4.3 pmol
in placeof isoleucine No dataareobservedat thelastcycle which may proposehatthereisaPTM in
the aminoacid residue.The MS/MS spectrumdataandtheoreticalcalculationoffered previouslytwo
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possibilities: an amidatedasparticacid (D*) or an asparagingN) residue.Therefore,it may be
inferred an asparticacid amidationat the C-terminus.Thus the completelinear BnllID sequencas
CCDWENCDHLCSCCD* with three PTMs bromotryptophanp-carboxy glutamate and amidated
asparticacid, at positionsfi 4, © 5 andfi 1 SraspectivelyThis sequencés alsoin agreementvith the
experimentamassobtainedn Figure3B for BnllID; theoreticaimassof BnlllID (C78 H111N26 O33
S6Br) =2210.530Da, experimentamass2210.529Pa (p= 1.6 ppm).

Figure 6. Solid-phaseEdmandegradatiorof nativeBnllID. Note: W: bromotryptophanE:
o-carboxylicglutamicacid *: C-terminalamidation

2.5. PeptideSynthesis

To confirm the refolding of the peptidelike the native product a syntheticBnllID peptidewas
prepared(containing 6-D/L-6 bromotryptophanp-carboxy glutamateand amidatedasparticacid at
positions 4o, fi 5 and i 1 5respectively).Figure 7 demonstrateshe nearidentity of RP-HPLC
chromatogramprofiles from the sameretentiontime, co-elution of refolded synthetic and native
peptideslt is worth notingthatthe syntheticBnllID waspurified from the racemicmixture containing
both D andL formsof 6-bromotryptophanWe deducedhattheisomerpositionoccurringin BnllID is
6-bromotryptophanfollowing the earlier study by Craig et al. [14]. Remarkably 6-bromotryptophan
hasalsobeenfound mostly in othermarineanimals.The peptidecomponenthat co-elutedwith the
native peptidewaslesshydrophobic(datado not shown).This phenomenors similar in the synthetic
bromoheptapeptidepurification of Conus imperialis which demonstratedL-6-bromotryptophan
from digestion with U-chymotrypsin [14]. Thus, it could be deducedthat the native BnllID
contains.-6-bromotryptophan



